Abstract-Photoresist pump is an important part of coater and developer equipment. High precision control for the amount of photoresist is of great significance to improve the quality of coating and reduce the cost of production. Its working principle is dispensing and reloading photoresist by the positive and negative rotation of its internal stepping motor, and the dispensing amount is determined by the pulse count that the pump controller sends. But due to the linearity error of the pump, viscosity of photoresist, damping of the pipeline, pressure of the outlet and factors such as environmental temperature and humidity, there is a deviation between the dispensing actual value and set value, so calibration is needed. For the above question, firstly, in this paper the support vector machine model of the actual dispensing amount is established by dispensing speed and set value as its input vector construction. Secondly, the dispensing revised value is solved by iterative method, and then the calibration coefficients are calculated. Finally, the validity of this method is verified by experimental results, moreover, the dispensing precision is improved and the time which determining calibration coefficients required is reduced by this method.
INTRODUCTION
Photoresist pump is an important part of coater and developer in IC equipment. Its working principle is compressing the tubephragm inside the pump body through the rotation of internal stepping motor, then certain volume photoresist is dispensed onto the wafer surface at a certain speed, afterwards photoresist is reloaded from the photoresist bottle to pump which will be used for next dispensing process [1] . The dispensing amount is determined by the pulse count that the pump controller sends. However, there is a deviation between the actual value and set value, moreover the deviation is nonlinear for different set value, due to the pump has linearity error, besides viscosity of photoresist, damping of the pipeline, pressure of the outlet and factors such as environmental temperature and humidity have also impacted the dispensing amount, so it need to be revised and calibrated. At present experimental methods are often used, technologists need do experiments repeatedly to determine the calibration coefficient, which always costs a lot of time and the accuracy cannot be guaranteed. Therefore, it is important that researching intelligent calibration methods for dispensing amount to improve the quality of coating and reduce the cost of production [2] .
Support vector machine (SVM) is a machine learning method based on VC dimension theory in statistical learning theory (SLT) and structural risk minimized principle [3] [4]. It shows many unique advantages in solving small sample data, nonlinear and pattern recognition in high dimension, and to a great extent, it overcomes the "dimension disaster", "excessive learning" and other questions. Therefore, support vector machine has been greatly developed in pattern recognition, regression analysis, function estimation, time series prediction and other fields [5] , many researchers at home and abroad have also apply it to predictive research in the field of industry.
Firstly, the photoresist pump control system based on CAN bus which is designed and developed by our own and its working principle are introduced in this paper. Secondly, the support vector machine model of the actual dispensing amount is established by dispensing speed and set value as its input vector construction, and then the revised set value and calibration coefficient are calculated by iterative method. Finally, the validity of the method is verified by experimental results, moreover, the dispensing precision is improved and the time which determining calibration coefficients required is reduced by this method.
II. PHOTORESIST PUMP CONTROL SYSTEM

A. Composition of Photoresist Pump Constrol System
The photoresist pump control system designed in this paper includes three parts: pump controller, PC client and touch panel client. PC client and touch panel client communicate with pump controller through CAN bus, thus achieving the control of photoresist pump. Moreover, IO point control method is also afforded, that means user can control the pumps through PLC, DeviceNet, and so on. The structure of control system is shown as Fig.1 . 
B. Working Principle of Pump Control System
The control software of photoresist pump controller is a multitask application based on C/OS-II real time operating system and the working principle of pump control system is shown as Fig.2 . Pump controller accomplishes dispensing task by executing recipe method, in which dispensing amount, dispensing speed, calculation coefficients, delay time and other parameters are saved. When receiving the command of executing recipe, pump controller opens the suck back valve, calculates the count of pulses and frequency needed according to the dispensing set value and calibration coefficients set in the recipe, then sends positive pulses to the pump and the pump starts dispensing photoresist. When dispensing is over, pump controller closes the suck back valve and delays a short period time (e.g., 2S). Then pump controller sends negative pulses to the pump and the pump starts reloading photoresist. Finally, when reloading is over, this recipe executes to the end.
When reloading is over, this recipe executes to the end.
Receiving the command of executing recipe.
Opens the suck back valve, calculates the count of pulses and frequency needed according to the dispensing set value and calibration coefficients, then sends positive pulses to the pump and the pump starts dispensing photoresist.
When dispensing is over, closes the suck back valve and delays a short period time (e.g., 2S).
Sends negative pulses to the pump and the pump starts reloading photoresist. 
C. Principle of Calibration
The dispensing amount is determined by the pulse count that the pump controller sends. Usually there exists a fixed scale relation according to the pump's specification, e.g. 2400 pulses / ml, which means the controller should send 2400 pulses if 1 ml photoresist is needed. However, this fixed scale relation is gotten by manufacturer in a specific experimental environment, while in actual use, due to the pump has linearity error, besides photoresist's viscosity, damping of the pipeline, pressure of the outlet and factors such as environmental temperature and humidity have also existed difference, which induce the deviation between actual dispensing value and set value. So a calculation coefficient K is hoped to be determined, so as to when input = set value S K, actual dispensing value T = S. Usually technologists need do experiments repeatedly to determine the calibration coefficient, it always costs a lot of time and the accuracy cannot be guaranteed. So it is import to find an intelligent calibration method which can calculate the calibration coefficient directly by training.
III.
OF SUPPORT VECTOR MACHINE Support vector machine is a machine learning method based on VC dimension theory in statistical learning theory and structural risk minimized principle, which can find the best compromise between complexities of model and learning ability through limited sample information, as well as it is a successful accomplishment of SLT [6] .
Given a sample set:
The i th input data 
. . , 1, 2, Mercer condition. In this way the calculation of complex inner product in high-dimensional space is avoided, and dimensional disaster is avoided as well [8] .
IV. DISPENSING CALIBRATION EXPERIMENTS FOR PHOTORESIST PUMP
A. Conditions and Methods of Experiments
Testing equipment include the Photoresist pump shown as Fig. 3 , the Pump controller box which could be used to control five Photoresist pumps simultaneously shown as Fig. 4 , solenoid valve, measuring cylinder (precision 0.2ml), beaker, electric weight instrument (precision 0.01g), air compression pump, PFA pipe ( 6:5m 4:1m). The absolute ethyl alcohol which density is 0.79g/ml is used for the experiments.
The testing method is as follow: the photoresist dispensing experiment is operating according to the set value of the volumes of the photoresist. When the dispensing is fulfilled, the photoresist dispensed is weighted and then is converted to volume, the calculated volumes of the photoresist is as the actual value. The dispensing parameters for the experiments are shown in TABLE I. 
B. Establishment of Model and Selection of Parameters
For photoresist of the same density, the support vector machine model of the actual dispensing amount is established by dispensing speed and set value as its input vector construction. Take the experiments data into two parts, one is for training that constructs the SVM model, another is for testing that verifies the precision of the model. The parameters of the SVM model need to be selected including penalty factor C, kernel and insensitive loss function.
The key to the regression problem when the SVM model is used is the selection of kernel and penalty factor. The kernel is RBF function and the penalty factor C=1 by experiments for analysis.
C. Dispensing Calibration
Firstly, revised dispensing set value is calculated by iterative method, by which the calibration coefficient is calculated at last. The algorithm flow is shown as Fig.5 . The specific flow is described as follow:
• Define the dispensing target value as T, the i th dispensing set value as S i , the i th predictive value as P i , revised dispensing value as S′ , error precision as ε , calculation coefficient as K.
• Set the initial value of dispensing set value S 1 = T, then the first predictive value P 1 can be predicted by SVM model.
• Judge 1
• If not, then calculate iteratively, until i P T ε − < , and the revised dispensing set value
• Finally the calibration coefficient can be calculated as:
D. Analysis of Experiment Resluts 1) Analysis of predictive precision
Do dispensing predictive precision experiment by the SVM model constructed above, and the predictive result as: Mean squared error = 0.00029, squared correlation = 0.9997. The experimental result of predictive value at 1ml/s dispensing speed is shown as TABLE II, from which it can be seen the mean squared error is 0.008ml, max error is 0.017ml and less than 0.02ml. The allowable range of dispensing precision is 0.1ml in the actual production, so this model satisfied the dispensing precision demand. 
2) Analysis of calibration coefficient precision
Firstly, the actual calibration coefficients are got by the method of manual adjustment, secondly, the calculative coefficients are got by the method of prediction and iteration, and finally, the comparison of calibration coefficients is shown as Fig. 6 . From which it can be seen the actual calibration coefficients decline from 1.002 to 0.903 with the increase of dispensing amount, moreover, it is a curve that cannot be fitted by a simple linear function. The change trend of calculative coefficients accords with actual coefficients', which mean error is 0.011 and max error is 0.019. So the conclusion can be drawn safely: The dispensing precision of photoresist pump can be satisfied by the calculative coefficients. V. CONCLUSION Due to the pump has linearity error, besides photoresist's viscosity, damping of the pipeline, pressure of the outlet and factors such as environmental temperature and humidity have also impacted the dispensing amount, there is a deviation between the dispensing actual value and set value. To determine the calibration coefficients, the support vector machine model of the actual dispensing amount is established by dispensing speed and set value as its input vector construction. By experiments, the mean error of the predict result is 0.008ml, and the max error is 0.017ml, so the model can satisfied the dispensing predictive demand. Then, the dispensing revised value can be solved by iterative method, and the calibration coefficients are calculated at last. The mean error of the calibration coefficients is 0.011, and the max error is 0.019, so the dispensing precision of photoresist pump can be satisfied by the calculative coefficients. In conclusion, the dispensing precision is improved and the time which determining calibration coefficients required is reduced by this calibration method described above.
